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We are investigating the effect of Crotalus adamanteus acidic phospholipase A2 on 
MCF-7 cells using the MTS assay. Understanding these interactions and isolated effects 
is critical to developing new ways to treat envenomation. By understanding the effects of 
individual toxins within a whole venom, we are set to better understand the effects of the 
whole venom and investigate synergistic actions between venom toxins. In this paper, we 
are quantifying the amount of MCF-7 cell death caused by Crotalus adamanteus 
phospholipase A2 on MCF-7 using the MTS assay. Analysis of the amount of cells death 
caused by the phospholipase suggests that it may be responsible for as much as 87% of 
the whole venom’s cytotoxic activity. 
 
























Snake venoms are composed of a wide variety of toxins generated by the 
organism (Fry 2015). These toxins vary in both structure and function, but they are 
generally variants of preexisting enzymes and biomolecules (Fry 2015). One of the more 
prominent families of venom toxins is the Phospholipase A2 superfamily. Phospholipase 
A2, commonly referred to as PLA2, is a phospholipid hydrolysis enzyme which, in the 
endophysiological form, has been implicated in immune response and digestion (Burke 
and Dennis 2009). Crotalus adamanteus PLA2 is part of  the snake venom Group II (SV-
GII-PLA2), a group known for a myotoxic pleisotype (Fry 2015). This myotoxic activity 
is perfect for cytotoxic experimentation using the MTS assay. The MTS assay is a 
photosensitive assay composed of a solution of [3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt; MTS(a)] and 
phenazine methosulfate (PMS) which, when the former is digested into a media soluble 
formazan product, interact to produce absorbance measurable at 490 nm (Promega 2012).  
The MCF-7 cell line has been used in a previous paper to study cytotoxic effects 
of whole venom samples using the MTT assay (Bradshaw, et al. 2016). The purpose of 
paper was to investigate the cytotoxic effects of whole venom samples against cancer cell 
lines in the hopes of finding potential anti-cancer drugs (Bradshaw, et al. 2016). The 
study used both A-375 and MCF-7 cell lines for their models, noting that the MCF-7 cells 
were more sensitive to cytotoxic compounds than A-375 cells (Bradshaw, et al. 2016). 
The MTS assay is being used in the experiments of our study as opposed to the MTT 




and sterile PBS respectively. H2O2’s known cytotoxicity makes it an effective positive 
control to contrast the PLA2 against, just as sterile PBS’s lack of cytotoxic effects makes 
it an ideal negative control.  
PLA2 is a superfamily of enzymes that catalyze the hydrolysis of the sn-2 ester 
bond of phospholipids, producing arachidonic acid (Arni and Ward 1996). Endogenous 
PLA2 is involved in membrane maintenance, lipid digestion, and immune responses (Arni 
and Ward 1996). In snake venom, PLA2 is divided into two main groups: Group I and 
Group II. Group I PLA2 enzymes are found nonviperid venoms, have a pancreatic loop, 
and are pleisotypically neurotoxic (Arni and Ward 1996, Fry 2015). Group II PLA2 
enzymes are found in viperid venoms, have a C terminal loop extension, and are 
pleisotypically myotoxic (Arni and Ward 1996, Fry 2015). 
Through the experimentation, we found that the Crotalus adamanteus PLA2 killed 
approximately 80% of cells plated with it. We also found that storing down PLA2 in 
inactive aliquots is very important, as multiple freeze-thaw cycles in media quickly 




Materials & Methods 
 
Cultivation of MCF-7 Cell Line 
 MCF-7 cells were incubated in T-75 flasks with 20 mL of  Complete Growth 
Media (CGM) at 37 C and 5% CO2. Confluent flasks were passaged under sterile 
conditions. CGM was made by adding 50 mL of heat-inactivated fetal bovine serum 




(ThermoFisher Scientific, Walham, MA), and 5 mL of Pen Strep (ThermoFisher 
Scientific, Walham, MA) to 500 mL of EMEM (ThermoFisher Scientific, Walham, MA). 
Phospholipase A2 (PLA2) 
 Crotalus adamanteus phosphatidylcholine 2-acylhydrolase (Worthington 
Biochemical Corporation, Lakewood, NJ) and Apis mellifera phosphatidylcholine 2-
acylhydrolase (Merck KGaA, Darmstadt, Germany) were purchased from Worthington 
and Sigma-Aldrich as lyophilized powders, reconstituted at .312 M in MCF-7 Complete 
Growth Media, aliquoted, and stored at -20 C. 
MTS Assay 
 MCF-7 cells were passaged, counted, and plated on a 96 well flat bottom plate in 
100 μL CGM under sterile conditions. A concentration gradient was established by 
plating sets of 8 wells with 0 cells/mL CGM, 200,000 cells/mL CGM, 400,000 cells/mL 
CGM, 600,000 cells/mL CGM, 800,000 cells/mL CGM, and 1,000,000 cells/mL CGM 
respectively. The experimental wells consisted of 3 sets of 12 wells, plated with 
1,000,000 cells/mL CGM. After the wells were plated, the experimental wells were 
treated with 5 μL of .312 M Crotalus adamanteus phosphatidylcholine 2-acylhydrolase, 5 
μL .312 M Apis mellifera phosphatidylcholine 2-acylhydrolase, 5 μL  30% H2O2, or 5 μL  
sterile phosphate buffer saline (PBS). The 96 well flat bottom plate was then incubated 
for 24 hours. After 24 hours, the media in every well was aspirated and, the wells were 
washed with 100 μL sterile PBS . The PBS was aspirated and replaced with 100 μL CGM 
and 20 μL CellTiter 96 AQueous Non-Radioactive Cell Proliferation Assay reagent. The 
plate was then incubated for an hour at 37 C and 5% CO2. The absorbance of the full 




Instruments Inc., Winooski, VT) using a Gen 5 endpoint scan protocol at 490 nm. The 
results were saved, and the wells were aspirated before the plate was disposed of. Graphs 











Figure 1a - A line graph plotting the relationship between the number of cells in 96 well plate and the 
average measured absorbance. Under normal circumstances, this is how the dependent and independent 
variables should be oriented.
The absorbance measured from the plates can be divided into two categories: the 
experimental and the concentration gradient. The concentration gradient is used to 
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generate a line of best fit that we can use to calculate the approximate average number of 
cells in each treatment group’s wells. Normally when we plot dependent and independent 
variables, we plot them like in Figure 1a, with the dependent variable on the y-axis and 
the independent on the x-axis. The line of best fit equation generated by this graph, 
however, would give us the approximate absorbance if we knew how many cells per well. 
Since we are trying to calculate the average number of cells in a treatment group’s wells 
from absorbance, we can simply inverse the standard plotting like in Figure 1b. Since the 
inversion of the plot doesn’t change the R2 of the line of best fit, we can keep graphing 
the independent and dependent variables like this in future graphs comparing the plated 
number of cells per well (y) and the absorbance of the well (x).
 
Figure 1b - A line graph plotting the relationship between the average measured absorbance and the 
number of cells in 96 well plate. The data needs to be graphed this way to generate an equation via the line 
of best fit to calculate the average number of cells per well.
 The importance of the line of best fit generated by Figure 1b is best demonstrated 
by the comparison of Figures 2  and 3. In Figure 2, the average absorbance of the 
treatment groups’ wells are graphed against each other. While we can see a drastic 
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difference between the absorbance of the sterile PBS and the other treatment groups, we 
don’t have any way to rationalize the difference between the plate before and after the 
treatment was applied. Figure 3, however, provides us with the calculated average 
number of cells remaining in each treatment group’s wells which we can compare against 
the 100,000 cells plated in each well. As shown by the Figure 3, the total number of cells 
increased in wells treated with 100 μL of sterile PBS. The groups treated with Crotalus 
adamanteus PLA2 and 30% H2O2 respectively each show remarkable amounts of cell 
death, with the Crotalus adamanteus treatment killing approximately 80% of the plated 
cells. As we look at later experiments, we will see a drastic decrease in the cytotoxic 
effect of the Crotalus adamanteus PLA2 treatments. 
 
Figure 2 - A bar graph comparing the average measured absorbance of wells treated with 30% H2O2, sterile 
PBS, and .312 M Crotalus adamanteus phospholipase A2 respectively. Since the absorbance does not tell 
us much about the change in number of cells per well, future graphs will only compare the average 
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Figure 3 - A bar graph comparing the calculated average number of cells per well by treated with 30% 
H2O2, sterile PBS, and .312 M Crotalus adamanteus phospholipase A2 respectively. 
Having established the effect of the treatments on the plated cells, we need to 
determine the significance of the results. Using the equation generated earlier, we can 
calculate the μ0 of the absorbance by solving for absorbance when the number of cells 
equals 100,000. This value comes out to 0.7877 for this experiment in particular. Since 
the MTS assay is photosensitive, the data will be affected based on lab conditions, and, 
while I did my best to perform the assay with as little light exposure as possible, it is 
highly unlikely to generate the same linear regression each time. Therefore, we need to 
calculate this absorbance separately for each experiment. 
Treatment μ0 df t P value 95% conf interval 
PLA2 0.7877 11 -19.08 8.852e-10 0.1880661<μ<0.3121006 
Sterile PBS 0.7877 11 1.3507 0.2039 0.6925543<μ<1.1851123 
30% H2O2 0.7877 11 -322.24 2.2e-16 0.09354089<μ<0.10295911 
Table 1 – A table comparing the statistics results of  directional, Student’s t-tests of each of the treatment 
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According to this experiment, the Crotalus adamanteus PLA2 and the 30% H2O2 
have  significant cytotoxic effects, as opposed the sterile PBS. As shown in Table 1, the 
Crotalus adamanteus PLA2’s t value is more extreme than t0.025(2),11, allowing us to reject 
the null hypothesis that the Crotalus adamanteus PLA2 will have no significant effects on 
the plated cells. The t-values of 30% H2O2 and sterile PBS match what would be 
expected of positive and negative controls respectively. In Figures 4a and 4b, the 
interquartile ranges of the measured absorbances of each treatment group are plotted 
against one another. There is a slight overlap between the Crotalus adamanteus PLA2 
group and the sterile PBS group, but it is most likely due to random error caused, at least 
in part, by the photosensitivity of the MTS assay.  
 
Figure 4a - A box and whiskers graph comparing the spread of the measured of absorbance of wells treated 






Figure 4b - A box and whiskers graph of the spread of measured absorbances for 30% H2O2 by itself for 
better clarity than that shown in Fig 1.5a. 
As experiments went on, the cytotoxic effect of the Crotalus adamanteus PLA2 
began to decrease, becoming most notable after the second and third freeze-thaw cycles. 
The most likely explanation for the drastic change in cytotoxicity is the way that the 
PLA2 was stored. Since the PLA2 was stored in CGM and went through multiple freeze-
thaw cycles over the course of experimentation, the PLA2 enzymes likely denatured, 
rendering them increasingly impotent as time went on. The change in cytotoxicity 
became most extreme after the third freeze-thaw cycle (Figure 7), where the PLA2 failed 
to have any notable cytotoxic effect when compared to previous experimentation with 
sterile PBS. As the Apis mellifera PLA2 was also aliquoted in CGM, the results from 






Figure 5 - A bar graph comparing the average calculated number of cells per well in wells treated with 30% 
H2O2, .312 M Apis mellifera phospholipase A2, and .312 M Crotalus adamanteus phospholipase A2 
respectively on October 24th, 2019. This is the first freeze-thaw cycle for the Crotalus adamanteus PLA2. 
 
Figure 6 - A bar graph comparing the average calculated number of cells per well in wells treated with 30% 

































Average Calculated Number of Cells per Well 
by Treatment - Oct 24th 2019






























Average Calculated Number of Cells per Well 
by Treatment - Jan 22nd, 2020
Crotalus adamanteus PLA2 - 1 Crotalus adamanteus PLA2 - 2 Apis mellifera PLA2 - 1




respectively on the two plates used on January 22nd of 2020. This is the second and first freeze-thaw cycle 
for the Crotalus adamanteus and the Apis mellifera PLA2 respectively. 
 
Figure 7 - A bar graph comparing the average calculated number of cells per well in wells treated with 30% 
H2O2, .312 M Apis mellifera phospholipase A2, and .312 M Crotalus adamanteus phospholipase A2 
respectively on the first plate used on January 27th of 2020. This is the third and second freeze-thaw cycle 
for the Crotalus adamanteus and the Apis mellifera PLA2 respectively. 
 When comparing the spread of the data collected across the experiments, it 








Groups 15.5280 5 3.10560 36.262 < 2.2e-16 
Error 5.6524 66 0.08564   
Total 21.1804     
Table 2 – Table illustrating an ANOVA performed on the data sets taken as six individual samples. 
The ANOVA (Table 2) clearly indicates that there is a significant difference between the 

































Average Calculated Number of Cells per Well 
by Treatment - January 27th, 2020
Crotalus adamanteus PLA2 - 1 Crotalus adamanteus PLA2 - 2 Apis mellifera PLA2 - 1




it is clear that the experiments that vary the most from the rest are the experiments 
performed before any freeze-thaw cycles occurred and the after one freeze-thaw cycle. 
This variation is most likely caused by the denaturation of the enzymes from multiple 
freeze-thaw cycles and an inadequate freezing solution. To prevent this from happening 
in the future, research into the proper aliquoting of PLA2 and other proteins will be done. 
By aliquoting the PLA2 sample in amounts needed for a single experiment, multiple 
freeze-thaw cycles can be avoided, reducing the chance of denaturation.  
 
Figure 8 - A bar graph comparing the absorbance of wells treated with .312 M of Crotalus adamanteus 
phospholipase A2 taken from the experiments performed on the 21st of September 2019, the 24th of October, 
2019 the 22nd of January, 2020, and the 27th of January, 2020. 
 The Apis mellifera PLA2, like the Crotalus adamanteus PLA2, was stored down in 
CGM and subjected to multiple freeze-thaw cycles before the error was recognized. Due 




one sample t test, the Apis mellifera PLA2 provided a p-value of 0.3483, showing it has 
an insignificant effect on MCF-7 cells under the experimental conditions. Since we were 
only able to perform one experiment with the PLA2 before the freeze-thaw cycles, we 
were unable to replicate the data to confirm its insignificance. As the effect of multiple 
freeze-thaw cycles is illustrated with the Crotalus adamanteus PLA2, visual comparison 
of the Apis mellifera PLA2 data over time seems sufficient. From the visual comparison 
of Figure 5 to Figures 6 and 7, it seems reasonable to infer that the multiple freeze-thaw 
cycles had the same effect, if less drastic, on the Apis mellifera PLA2 as it did the 






While a cytotoxic effect was shown in the first experiment, failure to repeat the 
experiment due to poor storage of the PLA2 makes drawing accurate conclusions 
difficult. At best, it can be said that Crotalus adamanteus PLA2 has a significant 
cytotoxic effect on MCF-7 cells, the exact strength of which needs more experimentation 
to confirm. We were only able to perform one tests with the Apis mellifera PLA2 before it 
went through freeze-thaw cycles, so we were unable to replicate the experiment. 
A study comparing the cytotoxic effects of the whole venom would provide a point of 
reference for the results of the first experiment with Crotalus adamanteus PLA2. 
Conveniently, the study by Michael J Bradshaw, Anthony J Saviola, Elizabeth Fesler, and 
Stephen P Mackessy included Crotalus adamanteus whole venom in its trials. In the 




for 24 hours were measured to only have 8% of the cells viable when the absorbance was 
measured by MTT assay (Bradshaw, et al. 2016). Crotalus adamanteus whole venom is 
approximately 7.8% PLA2 by weight, which varies with region (Tasoulis and Isbister 
2017; Rokyta et al. 2017). In the aforementioned whole venom study, they used 20 μg of 
whole venom in 5 μL (Bradshaw et al. 2016) To approximate the amount of PLA2 present 
in the whole venom sample they tested with, I diluted the Crotalus adamanteus PLA2 to 
.312 M (
20 μg 𝑤ℎ𝑜𝑙𝑒 𝑣𝑒𝑛𝑜𝑚 ×0.078 𝑃𝐿𝐴2
5 μL 
). There are three PLA2 transcription genes: one 
pseudogene, one which produces a non-venom product, and one which produces an 
acidic PLA2 (Dowell et al. 2016). While expression of the two PLA2’s varies between 
regional variants, the venom acidic PLA2 is most significantly expressed in its venom 
(Dowell et al. 2016; Rokyta et al. 2017). If we were to compare the results of the 
Crotalus adamanteus phospholipase A2 on MCF-7 experiment, we would see that the 
isolated PLA2, which reduced cells to approximately 20% viability, likely contributes as 
much as 87% of the whole venom’s cytotoxicity. Bear in mind, this is overlooking any 
synergistic activity this PLA2 shares with other toxins and the inherent difference in error 
in the results due to using the MTS assay over the MTT assay. To test this inference, I 
would recommend performing a study directly comparing the cytotoxicity of Crotalus 
adamanteus whole venom with Crotalus adamanteus PLA2. By removing the PLA2 
fraction from the whole venom, how much the PLA2 from Crotalus adamanteus venom 
contributes to the overall cytotoxicity of the whole venom could be determined. Overall, 
this would provide us with a model to investigate the contributions of PLA2 enzymes – or  
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